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Description 
STATOR IN ROTATING ELECTRIC MACHINE 

Technical Field 
[0001] 

The present invention relates to a stator in a rotating 
electric machine applied to an AC generator incorporated, for 
example, into a vehicle to charge an in-vehicle battery and 
to feed the electric power to other in-vehicle electric loads, 
and more particularly, to improvements of an insulation 
structure of stator windings disposed in plural slots of a 
stator core. 

Background Art 
[0002] 

With an AC generator of this type incorporated into a 
vehicle, there has been a need for a higher generator output 
power to meet an increase of electric loads in the vehicle. 
A stator winding that generates a generator output power 
therefore tends to be disposed within a slot of the stator core 
by enhancing space efficiency. 
[0003] 

A stator in the rotating electric machine is disclosed, 
for example, in JP-UM-A-2-103754 (Prior Art 1) . According to 
the stator in the rotating electric machine disclosed in Prior 



Art 1, plural slots are formed on the inner periphery of the 
stator core, and a stator winding is disposed within each slot. 
Two insulation structures are adopted for the stator winding. 
[0004] 

One insulation structure is an insulation coating formed 
on each slot peripheral wall. The slot peripheral wall has 
a slot bottom wall and a pair of slot side walls opposing to 
each other, and the slot bottom wall and the pair of slot side 
walls are formed on the stator core. The insulation coating 
made of an electrical insulation material is formed on the slot 
bottom wall and the pair of slot side walls, and the insulation 
coating electrically isolates the stator winding disposed 
within the slot from the stator core forming the slot peripheral 
wall. 
[0005] 

The other insulation structure is an electrical 
insulation member called a wedge for closing a slot opening 
that opens in the inner peripheral surface of the stator core. 
The electrical insulation member prevents intrusive 
substances, such as water, saline water, slurry, and dust, 
having entered into the rotating electric machine from entering 
into the slot through the slot opening, and thereby prevents 
the electric insulation of the stator winding within the slot 
from being damaged by the intrusive substances. The 
electrical insulation member is inserted into the slot so as 
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not to fall off with the use of a pair of hanging portions formed 
on the slot side walls, and closes the slot opening in such 
a manner that an internal space for disposing the stator winding 
in the slot will not be reduced excessively. 
[0006] 

A stator in the rotating electric machine is also 
disclosed in JP-A-2000-14068 (Prior Art 2). Prior Art 2 
discloses a stator in which an insulation sheet is disposed 
between the outer periphery of the stator winding disposed 
within the slot and the stator core forming the slot peripheral 
wall. The insulation sheet is formed to enclose the outer 
periphery of the stator winding disposed within the slot. 
[0007] 

Patent Document 1: JP-UM-A-2-103754 
Patent Document 2: JP-A-2000-14 068 

Disclosure of the Invention 

Problems that the Invention is to Solve 

[0008] 

With the stator disclosed in Prior Art 1, however, the 
pair of hanging portions for preventing the fall-off of the 
electrical insulation member is directly formed on the stator 
core forming the slot side walls. Also, in association with 
the hanging portions, the insulation coating is formed only 
to the position near each hanging portion, and a clearance is 
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left between the insulation coating and the hanging portions, 
through which the stator core is exposed. Hence, when 
intrusive substances having entered into the rotating electric 
machine enter into the slot, the intrusive substances enter 
into the clearance- When the intrusive substances come into 
contact with both of the stator core forming the slot peripheral 
wall and the stator winding within the slot to stand astride, 
electric erosion results in the stator winding. This poses 
a risk of causing inconveniences that the stator winding is 
damaged. Because the clearance is a fine gap, it is difficult 
to remove the intrusive substances once they have entered into 
the clearance. This poses a significant risk that the stator 
winding is kept damaged. 
[0009] 

When the insulation sheet disclosed in Prior Art 2 is 
used, it is possible to avoid an event such that the intrusive 
substances having entered into the rotating electric machine 
come into contact with both of the stator winding and the slot 
peripheral wall to stand astride. However, because the stator 
winding is of a bundle structure in which plural winding members 
are bundled or a stack structure in which plural winding members 
are stacked, the workability is poor for the work to enclose 
the outer periphery of plural winding members of the bundle 
structure or the stack structure with the insulation sheet, 
and the workability is also poor for the work to insert the 
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plural winding members enclosed by the insulation sheet into 
the slot. This countermeasure is therefore impractical. 
[0010] 

The invention proposes a stator in a rotating electric 
machine having an insulation structure improved to reduce these 
inconveniences . 

Means for Solving the Problems 
[0011] 

A stator in a rotating electric machine according to the 
invention is a stator in a rotating electric machine, the stator 
comprising; a stator core provided with plural slots in an inner 
peripheral surface: and a stator winding disposed inside each 
of the plural slots, wherein; each slot of the plural slots 
has a slot peripheral wall and a slot opening that opens in 
the inner peripheral surface: the slot peripheral wall of each 
slot has a slot bottom wall and a pair of slot side walls opposing 
to each other and continuing to the slot bottom wall: the slot 
peripheral wall is covered with an insulation coating made of 
an electrical insulation material: the insulation coating is 
formed over continuously from the slot bottom wall to the pair 
of slot side walls: a pair of holding grooves opposing to each 
other is formed in the insulation coating on the pair of slot 
side walls at the vicinity of the slot opening: groove walls 
of the holding grooves in the pair are formed of the insulation 
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coating: and an electrical insulation member for closing the 
slot opening is inserted into and held between the holding 
grooves in the pair. 

Effects of the Invention 
[0012] 

According to the stator in the rotating electric machine 
according to the invention , the insulation coating covering 
each slot peripheral wall is formed over continuously fromvthe 
slot bottom wall to the pair of slot side walls, and the pair 
of holding grooves opposing to each other is formed in the 
insulation coating on the pair of slot side walls at the 
vicinity of the slot opening. Because the groove walls of the 
holding grooves in the pair are formed in the insulation coating, 
there is no clearance between the pair of holding grooves arid 
the pair of slot side walls, through which the stator core 
forming the slot peripheral surface is exposed. It is thus 
possible to prevent damages on the stator winding caused when 
intrusive substances enter into such the clearance. In 
addition, according to the stator according to the invention, 
the insulation coating covers the slot peripheral wall. The 
slot peripheral wall can be therefore covered with the 
insulation coating without the need for a work to enclose the 
outer periphery of the stator winding with an insulation sheet 
as in Prior Art 2. The workability can be thus enhanced, which 
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can in turn save the cost. 



Best Mode for Carrying Out the Invention 
[0013] 

description of Rotating Electric Machine Using Stator 
according to the Invention> 

Prior to the description of a stator in a rotating 
electric machine according to the invention, a rotating 
electric machine to which the stator is applied will be 
described. 
[0014] 

FIG. 1 is a sectional side elevation of a rotating 

electric machine to which the stator according to the invention 
is applied. The rotating electric machine is an AC generator 
incorporated into a vehicle, and the AC generator is driven 
by an in-vehicle engine to charge the in-vehicle battery and 
to feed the electric power to various electric loads in the 
vehicle. 
[0015] 

The rotating electric machine includes a housing 10 , a 
rotating shaft 20, a rotator 30 , an electric power feeding 
device 40 for the rotator 30, a stator 50, and a rectifier 80. 

The housing 10 includes a pair of brackets 11 and 12 
opposing to each other. The bracket 11 on the right is referred 
to as a front bracket and the bracket 12 on the left is referred 
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to as a rear bracket. Both of these front bracket 11 and rear 
bracket 12 are shaped like a cup, and disposed so that their 
opening end portions oppose each other. 
[0016] 

The front bracket 11 has an end wall 11a and a peripheral 
wall lib, and the rear bracket 12 has an end wall 12a and a 
peripheral wall 12b. These end walls 11a and 12a of the 
brackets 11 and 12 are on planes that are almost orthogonal 
to the rotating shaft 20, and the peripheral walls lib and 12b 
surround the periphery of the rotating shaft 20. The stator 
50 is interposed between the opening end of the peripheral wall 
lib of the front bracket 11 and the opening end of the peripheral 
wall 12b of the rear bracket 12. The stator 50 is held in a 
space between the brackets 11 and 12 by means of a connecting 
bolt 13 that connects the brackets 11 and 12 in the axial line 
direction of the rotating shaft 20. 
[0017] 

The rotating shaft 2 0 penetrates through the central 
portions of the respective end walls 11a and 12a of the brackets 
11 and 12. The rotating shaft 20 is supported rotatably on 
the respective brackets 11 and 12 via ball bearings 14 and 15. 
The rotating shaft 2 0 penetrates through the central portion 
of the front bracket 11 and extends to the outside of the bracket 
11, so that a pulley 16 can be attached to the outside of the 
bracket 11. The pulley 16 is linked to a crankshaft of the 
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in-vehicle engine by an unillustrated belt, so that the 
rotating shaft 2 0 is driven to rotate by the engine. 
[0018] 

The respective brackets 11 and 12 are provided with 
plural airflow openings 17a, 17b, 18a, and 18b. Plural airflow 
openings 17a are formed in the end wall 11a of the front bracket 
11, and plural airflow openings 17b are formed in the peripheral 
wall lib. Likewise, plural airflow openings 18a are formed 
in the end wall 12a of the rear bracket 12, and plural airflow 
openings 18b are formed in the peripheral wall 12b. 
[0019] 

The rotator 30 is attached to the rotating shaft 2 0 at 
the central portion. The rotator is a field magnet of the AC 
generator, and has a pair of field magnet cores 31 and 32 
opposing to each other and a field magnet coil 33. The field 
magnet cores 31 and 32 have protruding magnetic poles 31a and 
32a that protrude toward the opposing ends on their outer 
peripheral portions, and the field magnet coil 33 is disposed 
on the inner peripheries of these protruding magnetic poles 
31a and 32a. The end face 31b of the field magnet core 31 and 
the end face 32b of the field magnet core 32 oppose each other. 
A front-end cooling fan 34 and a rear-end cooling fan 35 are 
attached to the outer periphery of the end face 31b of the field 
magnet core 31 and the outer periphery of the end face 32b of 
the field magnet core 32, respectively. These cooling fans 
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34 and 35 rotate together with the rotating shaft 2 0 and 
generate cooling air. The field magnet coil 33, the electric 
power feeding device 40 , the rotator 50, and the rectifier 80 
are cooled by the cooling air. 
[0020] 

The electric power feeding device 40 and the rectifier 
80 are disposed inside the rear bracket 12 . The electric power 
feeding device 4 0 is an electric power feeding device for the 
field magnet coil 33, and includes a pair of slip rings 41 and 
42 and a brush device 43 for these slip rings. Each of the 
slip rings 41 and 42 is connected to the field magnet coil 33 
and attached to the outer peripheral surface of the, rotating 
shaft 20 so as to rotate together with the rotating shaft 20. 
The brush device 43 has a pair of brushes 45 and 46. These 
brushes 45 and 46 are pressed, respectively, against the outer 
peripheral surfaces of the slip rings 41 and 42 by brush springs, 
and are thereby brought into contact with these surfaces. A 
DC voltage from the in-vehicle battery is provided to the 
brushes 45 and 46, and the field magnet coil 33 is excited by 
the DC voltage. 
[0021] 

The stator 5 0 has a stator core 51 and a stator winding 
60 wound around the stator core 51 . The stator 50 is an armature 
of the AC generator and receives the rotating field magnet 
magnetic field associated with rotations of the rotator 30. 
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The stator winding 60 generates an AC output voltage using the 

rotating field magnet magnetic field. 

[0022] 

The stator winding 60 is formed as a three-phase winding, 
and the three-phase stator winding 60 adopts a star connection. 
The rectifier 80 is connected to the three-phase, star-shaped 
stator winding 60, and rectifies a three-phase AC output 
voltage generated in the stator winding 60 to generate a DC 
output voltage. The rectifier 80 is formed as the three-phase 
full-wave rectifier, and a DC output voltage therefrom is used 
to charge the in-vehicle battery and to feed the electric power 
to various electric loads of the vehicle as well as the field 
magnet coil 33. 
[0023] 

description of Several Embodiments of Stator in Rotating 
Electric Machine according to the lnvention> 

Subsequently, several embodiments of the stator in the 
rotating electric machine according to the invention will be 
described. 
First Embodiment 

FIG. 2 is a sectional side elevation showing a first 
embodiment of the stator in the rotating electric machine 
according to the invention. FIG. 3 is a partial enlarged cross 
section taken along the line III-III. The stator of the first 
embodiment shown in FIG. 2 and FIG. 3 is denoted by a reference 
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numeral 50A, and used as the stator 50 in the rotating electric 

machine shown in FIG. 1. 

[0024] 

As is shown in FIG- 2, the stator core 51 of the stator 
50A of the first embodiment is formed in a cylindrical shape, 
and has an inner peripheral surface 51a, an outer peripheral 
surface 51b, and a pair of end faces 51c and 51d. The 
cylindrical stator core 51 is disposed on the periphery of the 
rotator 30 in such a manner that its axial line coincides with 
the axial line of the rotating shaft 20. The inner peripheral 
surface 51a of the stator core 51 is disposed to oppose the 
outer peripheral surface of the rotator 30 with a fine gap in 
between. The end face 51c and the end face 5 Id oppose the end 
wall 11a of the front bracket 11 and the end wall 12a of the 
rear bracket 12, respectively. The stator core 51 is formed 
by layering a number of thin steel plates, such as silicon steel 
plates, along the axial line of the rotating shaft 2 0 in a 
direction from the end face 51c to the end face 5 Id. 
[0025] 

The inner peripheral surface 51a of the stator core 51 
is provided with plural teeth 52 and plural slots 53. These 
plural teeth 52 and plural slots 53 are formed on the inner 
peripheral surface 51a of the stator core 51 at regular 
intervals along the circumferential direction. One single 
slot 53 is formed between every two adjacent teeth 52, and N 
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slots 53 in total are formed on the inner peripheral surface 
51a of the stator core 51. In the first embodiment, assume 
that the number of slots, N, is 36 to 48. 
[0026] 

As is shown in FIG. 3, the plural slots 53 are formed 
so that each has an identical cross section, and the plural 
teeth 52 are also formed so that each has an identical cross 
section. Each of the plural teeth 52 and each of the plural 
slots 53 extend to be almost parallel to the axial line of the 
stator core 51, and each slot 53 opens in the both end faces 
51c and 51d of the stator core 51. 
[0027] 

As is shown in FIG. 3, each of the plural slots 53 has 
a slot bottom wall 53a, a pair of slot side walls 53b and 53c, 
and a slot opening 53d. The slot bottom wall 53a and the pair 
of slot side walls 53b and 53c together form a slot peripheral 
wall SW. The slot peripheral wall SW is formed of the stator 
core 51. The slot opening 53d opens in the inner peripheral 
surface 51a of the stator core 51. The slot opening 53d also 
extends in the axial line direction of the stator core 51, and 
the both ends thereof open in the end faces 51c and 5 Id of the 
stator core 51. 
[0028] 

Of the pair of slot side walls 53b and 53c, portions that 
correspond to the slot opening 53d are provided with hanging 
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portions 54. The hanging portions 54 hang out from the slot 
side walls 53b and 53c in the pair toward the opposing walls , 
and the slot opening 53d is formed in between. Let WO be the 
width of the slot opening 53d in the circumferential direction. 
The slot side walls 53b and 53c in the pair oppose each other. 
The slot side wall 53b and 53c continue to the both end portions 
of the slot bottom wall 53a and extend onto the hanging portions 
54. The slot side walls 53b and 53c in the pair are formed 
on planes traversing the stator core 51 in almost the radius 
direction, and extend in the axial line direction of the stator 
core 51 so that the both ends in the axial line direction 
continue to the end faces 51c and 5 id of the stator core 51. 
[0029] 

An insulation coating 55 is formed on each slot 
peripheral wall SW. The insulation coating 55 is formed on 
the slot bottom wall 53a and the pair of slot side walls 53b 
and 53c of each slot 53 , thereby covering the slot bottom wall 
53a entirely and covering the pair of slot side walls 53b and 
53c. The insulation coating 55 has a specific thickness T, 
and continues from the slot bottom wall 53a to the pair of slot 
side walls 53b and 53c to cover them over. In particular, it 
covers over the pair of slot side walls 53b and 53c continuously 
from the portions adjacent to the slot bottom wall 53a to 
adjacent portions A adjacent to the hanging portions 54 on the 
outer peripheral side of the stator core 51. The thickness 
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T of the insulation coating 55 is, for example, 50 to 200 [xm. 
[0030] 

The insulation coating 55 is made of an electrical 
insulation material, for example, epoxy resin. The insulation 
coating 55 is formed on each slot peripheral wall SW by a powder 
resin spraying method. According to the powder resin spraying 
method, powder of an electrical insulation material, for 
example, epoxy resin, is sprayed onto the peripheral wall of 
each slot 53 while the stator core 51 is kept heated at a specific 
temperature, and the insulation coating 55 of the specific 
thickness T is formed as the powder of epoxy resin cures on 
each slot peripheral wall SW. Because the powder resin 
spraying method is a known technique, a detailed description 
thereof is omitted herein. 
[0031] 

FIG. 4 is a partial enlarged cross section showing a state 
where the insulation coating 5 5 is formed. FIG. 4 is. also a 
partial enlarged cross section taken along the line III-III 
of FIG. 2 . In the first embodiment, subsequent to the formation 
of the insulation coating 55, a pair of holding grooves 56 is 
formed in the insulation coating 55 at the adjacent portions 
A adjacent to the hanging portions 54. The both ends of an 
electrical insulation member 57 called a wedge are inserted 
into the pair of holding grooves 56 to stand astride, so that 
the electrical insulation member 57 is held between the pair 
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of holding grooves 56. The electrical insulation member 57 
can be made of various electrical insulation materials , and 
in the first embodiment, it is made of, for example, polyester 
resin in the shape of an elongate plate. 
[0032] 

The electrical insulation members 57 are prepared in the 
matching number with the plural slots 53, and each is inserted 
into and held between the holding grooves 56 in the pair so 
as to close the slot opening 53d of each slot 53 . The electrical 
insulation member 57 is inserted into the holding grooves 56 
in the pair from one of the end faces 51c and 5 Id of the stator 
core 51 to reach the other, and thereby closes the slot opening 
portion 53d. The electrical insulation member 57 prevents 
intrusive substances, such as water, saline water, slurry, and 
dust, having entered into the rotating armature from entering 
into the slot 53 through the slot opening 53d. 
[0033] 

In the first embodiment, the pair of holding grooves 56 
is formed by cutting out the insulation coating 55. To be more 
concrete, as is shown in FIG. 4, after the insulation coating 
55 is formed on each slot peripheral wall SW, plural cutting-out 
blades in the matching number with the slots 53 are disposed 
annular ly on the end face 51c side of the stator core 51 to 
correspond to the slot openings 53d of the respective slots 
53, and a cutting blade that cuts out a pair of the holding 
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grooves 56 is formed for each of the plural cutting-out blades. 
By moving the cutting blades in the axial direction of the 
stator core 51, the pair of holding grooves 5 6 is formed in 
the insulation coating 55 at the adjacent portions A adjacent 
to the hanging portions 54 on the outer peripheral side. 
[0034] 

Each of holding grooves 5 6 in the pair has a groove wall 
CW, and as is shown in further enlarged FIG. 5, each groove 
wall CW has a groove bottom wall 56a and a pair of groove side 
walls 56b and 56c opposing to each other in the depth direction 
of the slot 53. The depth of the groove wall CW , to be more 
specific, the depth to the groove bottom wall 56a, is assumed _ 
to be the depth t from the surface of the insulation coating 
55. The depth t of the groove wall CW has a relation, t < T, 
with the thickness T of the insulation coating 55 . For example, 
given 50 to 200 ^m as the thickness T of the insulation coating 
55, then the depth t of the groove wall- CW is 30 to 170 \xm. 
Because the holding grooves 56 are formed by cutting out the 
insulation coating 5 5 to establish the relation, t < T, the 
groove wall CW is formed in the insulation coating 55. The 
insulation coating 55 is therefore directly exposed on the 
groove bottom wall 56a and the pair of groove side walls 56b 
and 56c of the groove wall CW. Hence, the stator core 51, either 
in whole or in part, is never exposed to the groove wall CW. 
[0035] 
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Because each slot peripheral wall SW is covered with the 
insulation coating 55 and the slot opening 53d is lidded with 
the electrically insulation member 57, an internal space 58 
surrounded by the insulation material is defined inside the 
slot 53. The internal space 58 has a cross section almost in 
the shape of a rectangular solid, and D is given as the depth 
of the radius direction of the stator core 51. The width of 
the internal space 58 in the circumferential direction remains 
almost the same from the slot bottom wall 53a side to the holding 
grooves 56 side. The width in the circumferential direction 
is almost equal to the width WO of the slot opening 53d of the 
slot 53 in the circumferential direction. On the contrary, 
regarding the respective teeth 52 positioned on the both sides 
of the slots 53, the width in the circumferential direction 
becomes smaller gradually from the bottom portion adjacent to 
the slot bottom wall 5 3a to the portions adjacent to the holding 
grooves 56. 
[0036] 

The internal space 58 is surrounded entirely by the 
member made of the electrical insulation material. The outer 
peripheral wall surface of the inner space 58 is formed of the 
insulation coating 55 covering the slot bottom wall 53a, and 
their side wall surfaces are formed of the insulation coating 
55 covering the pair of slot side walls 53b and 53c. The inner 
peripheral wall surface of the internal space 58 is formed of 
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the electrical insulation member 57. Both the groove bottom 
wall 56a and the pair of groove side walls 56b and 56c of the 
groove wall CW of each holding groove 56 are formed of the 
insulation coating 55, which continues to the insulation 
coating 55 on the pair of slot side walls 53b and 53c. Hence, 
a space between the electrical insulation member 57 on the inner 
peripheral side of the internal space 58 and the insulation 
coating 55 is also covered with the insulation member, and there 
is no portion through which the stator core 51 is exposed 
directly. Because the insulaition coating 55 on the slot bottom 
wall 53a also continues to the insulation coating 55 on the 
pair of slot side walls 53b and 53c on the. outer peripheral 
side of the internal space 58, there is no portion through which 
the stator core 51 is exposed directly. 
[0037] 

The stator winding 60 has an in-slot winding portion 61 
disposed within each slot 53 and a coil end portion 62. The 
stator winding 60 is formed by connecting the in-slot winding 
portion 61 within each slot 53 through the coil end portion 
62. The in-slot winding portion 61 is disposed in the internal 
space 58 within each slot 53. The in-slot winding portion 61 
is formed to have a bundle structure or a stack structure in 
which plural, for example, eight winding members 63 are 
combined. The winding member 63 can be insulation-coated 
wiring materials having various cross sections, and the first 
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embodiment employs the in-slot winding portion 61 of the stack 
structure in which eight winding members 63 , obtained by 
deforming enamel-coated conducting wires having a circular 
cross section to be flat, are stacked in line along the pair 
of slot side walls 53b and 53c of the slot 53. Each of the 
winding members 63 obtained by deforming enamel-coated 
conducting wires having a circular cross section to be flat 
has a width a in the circumferential direction and a thickness 
b in the radius direction such that a > b. 
[0038] 

A width LI of the in-slot winding portion 61 in the 
circumferential direction is equal to the width a of a single 
winding member 63 in the circumferential direction, and the 
width LI in the circumferential direction is made slightly 
smaller than the width WO of the internal space 58 in the 
circumferential direction (LI < WO). Also, a thickness L2 of 
the in-slot winding portion 61 in the radius direction is eight 
times the thickness b of a single winding member 63 in the radius 
direction, and the thickness L2 is made slightly smaller than 
the depth D of the internal space 58 in the radius direction 
(L2 < D). Because the thickness b of the winding member 63 
in the radius direction is smaller than the width a in the 
circumferential direction, the thickness L2 of the in-slot 
winding portion 61 in the radius direction is smaller than eight 
times the width a, and the internal space 58 is expanded in 
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the radius direction. The in-slot winding portion 61 is 
therefore disposed in the internal space 58 at high space 
efficiency. The in-slot winding portion 61 is inserted into 
the internal space 58 through the slot opening 53d before the 
electrical insulation member 57 is inserted into the holding 
grooves 56. 
[0039] 

In FIG. 3, the in-slot winding portion 61 is shown only 
in the internal space 58 of the slot 53 at the center. It should 
be appreciated, however, that it is disposed in any other slot 
53 in the same manner. The in-slot winding portion 61 is 
-omitted in FIG. 4, too. The stator winding 60 , including plural 
winding members 63 of the bundle structure or the stack 
structure, is inserted into each slot 53 after it is molded 
into a specific shape, such as a waveform, as is shown, for 
example, in FIG. 6 and FIG. 14 of JP-A-2 003-8802 1 . 
[0040] 

In the first embodiment, the internal space 58 of the 
slot 53 is entirely surrounded by the electrical insulation 
material, and there is no portion through which the stator core 
51 is exposed directly. This eliminates the need for a work 
to enclose the in-slot winding portion 61 with an insulation 
sheet in advance before it is inserted into the internal space 
58 of the slot 53. The workability can be therefore enhanced. 
Moreover, even when intrusive substances, such as water, saline 
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water, slurry, and dust, enter into the internal space 58, they 
will not come into contact with the in-slot winding portion 
61 and the stator core 51 to stand astride. It is thus possible 
to prevent damages on the in-slot winding portion 61 caused 
by electric erosion in a reliable manner. 
[0041] 

As an alternative structure in the first embodiment, 
under grooves may be directly formed in the teeth 52 forming 
the pair of slot side walls 53b and 53c, so that the pair of 
slot side walls 53b and 53c provided with the under grooves 
is covered with the insulation coating and the holding grooves 
56 are formed in the insulation coating on the under grooves. 
In this alternative structure, however, because the under 
grooves are formed directly in the teeth 52, there arises an 
inconvenience that magnetic loss of the teeth 52 increases in 
the under groove portion. In addition, when the insulation 
coating is formed to cover the under grooves by the powder 
spraying method, a smooth insulation coating is formed. This 
causes an inconvenience that the holding grooves 56 are also 
so smooth that the holding grooves 56 of a specific dimension 
cannot be formed. The first embodiment can solve the 
inconveniences caused by the alternative structure by forming 
the insulation coating 55, and then forming the holding grooves 
56 by cutting out the insulation coating 55. 
[0042] 
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Also, in the first embodiment/ the holding grooves 56 
are formed in the insulation coating 55 after the insulation 
coating 55 is formed in the slot 53. Hence, even when the shape 
of the tip of the teeth 52, or the shape of the hanging portions 
54 forming the slot opening 53d is changed, the holding grooves 
56 can be formed in the insulation coating 55 regardless of 
these shapes. In other words, the shape of the teeth 52 is 
determined by the electromagnetic design of the rotating 
electric machine; however, the insulation coating 55 can be 
formed regardless of the shape of the teeth 52 and has a higher 
degree of freedom in design. It is thus possible to obtain 
a highly reliable in-slot insulation structure regardless of 
the electromagnetic design of the rotating electric machine. 
[0043] 

Also, in the first embodiment, because the holding 
grooves 5 6 are formed in the insulation coating 55, even when 
the shape of the insulation member 5 7 is changed, it is 
sufficient to change the shape of the holding grooves 56 by 
changing the cut-out shape of the insulation coating 55 in a 
corresponding manner. There is no need to change the punching 
pattern of the steel plate as in a case in the related art where 
the holding grooves are formed directly in teeth. A change 
in shape of the insulation member 57 can be therefore addressed 
with ease. 
[0044] 
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Second Embodiment 

FIG. 6 is a cross section showing a stator core in a second 
embodiment of the stator in the rotating electric machine 
according to the invention. The stator of the second 
embodiment is denoted by a reference numeral 50B, and used as 
the stator 50 of FIG. 1. The stator core 51 of the stator SOB 
has a larger number of slots, N, than in the first embodiment 
to address an increase of an output. For example, the number 
of slots, N, in the first embodiment was 36 to 48, whereas in 
the second embodiment, the number of slots, N, is increased 
to 72 to 96 for the stator core 51 of the same inside diameter. 
[0045] 

In the second embodiment, in comparison with the first 
embodiment, the width WO of the internal space 58 within each 
slot 53 in the circumferential direction is reduced to about 
1/2, and the width of the respective teeth 52 in the 
circumferential direction is also reduced to about 1/2. The 
other configurations are the same as those in the first 
embodiment. Although the detailed structure within each slot 
53 including the stator winding 60 is omitted from FIG. 6, the 
configuration is the same as the first embodiment except that 
the number of slots, N, is increased, and the width of the 
in-slot winding portion 61 of the stator winding 60 in the 
circumferential direction is reduced to about 1/2. 
[0046] 
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In the second embodiment, the width of the teeth 52 in 
the circumferential direction is reduced with an increase of 
the number of slots , N. This makes it difficult to provide 
sufficient hanging portions 54 at the tips of the teeth 52, 
which in turn makes it difficult to prevent the insulation 
member 57 from falling off with the use of the hanging portions 
54. However, in the second embodiment, as in the first 
embodiment, the insulation coating 55 is formed on the pair 
of side walls 53b and 53c up to the adjacent regions A adjacent 
to the hanging portions 54, and the holding grooves 56 are 
formed in the inner surface coating 55. The insulation member 
57 can be thus held in the holding grooves 57. Hence, even 
when the hanging dimension of the hanging portions 54 becomes 
shorter, or should the hanging portions 54 be omitted, the 
insulation member 57 can be held in a reliable manner. It is 
thus possible to increase an AC output of the rotating electric 
machine by increasing the number of slots, N, while ensuring 
the insulation structure of the stator winding 60 by holding 
the insulation member 57 in a reliable manner. 
[0047] 

Third Embodiment 

FIG . 7 is a partial enlarged cross section showing a third 
embodiment of the stator in the rotating electric machine 
according to the invention. It is an enlarged cross section 
of a corresponding portion taken along the line III-III of FIG. 
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2 . The stator of the third embodiment is denoted by a reference 
numeral 50C, and is used as the stator 50 of FIG. 1. 
[0048] 

With the stator 5 0C of the third embodiment, a gap Gl 
is formed between the outer-peripheral groove side wall 56b 
of each holding groove 56 and the electrical insulation member 
57 inserted into the holding grooves 56. In other words, a 
width Wl between the pair of groove side walls 56b and 5 6c of 
the holding groove 56 is made slightly larger than a thickness 
d of the electrical insulation member 57, so that the gap Gl 
is formed when the electrical insulation member 57 is inserted 
into the holding grooves 56 and the electrical insulation 
member 57 is joined to the groove bottom wall 56a and the 
inner-peripheral groove side wall 56c of the groove wall CW. 
The other configurations are the same as those in the first 
embodiment . 
[0049] 

According to the third embodiment, not only is it 
possible to achieve the same effects as those in the first 
embodiment, but it is also possible to enhance the workability 
of a work to insert the insulation member 57 because the air 
gap Gl can absorb displacement of the insulation member 57. 

The in-slot winding portion 61 is shown only within the 
slot 53 on the right in FIG. 7, too. It should be appreciated, 
however, that it is also disposed in any other slot 53 in the 
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same manner. 
[0050] 

Fourth Embodiment 

FIG. 8 is a partial enlarged cross section showing a 
fourth embodiment of the stator in the rotating electric 
machine according to the invention. It is an enlarged cross 
section of a corresponding portion taken along the line III-III 
of FIG. 2. The stator of the fourth embodiment is denoted by 
a reference numeral 50D, and is used as the stator 50 of FIG. 
1. 

[0051] 

With the stator 5 0D of the fourth embodiment, a gap G2 
is formed between the groove bottom wall 5 6a of each holding 
groove 56 and the outer peripheral surface of the electrical 
insulation member 57 inserted into the holding grooves 56. In 
other words , an interval between the groove bottom walls 56a 
of the pair of holding grooves 5 6 opposing to each other is 
made slightly larger than the width of the electrical 
insulation member 5 7 in the circumferential direction , so that 
the gap G2 is formed when the electrical insulation member 57 
is inserted into a pair of holding grooves 56. The other 
configurations are the same as those in the first embodiment. 
[0052] 

According to the fourth embodiment, not only is it 
possible to achieve the same effects as those in the first 
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embodiment, but it is also possible to enhance the workability 
of a work to insert the insulation member 57 because the gap 
G2 can absorb displacement of the insulation member 57. 

The in-slot winding portion 61 is shown only within the 
slot 53 on the right in FIG. 8, too. It should be appreciated, 
however, that it is also disposed in any other slot 53 in the 
same manner. 
[0053] 

Fifth Embodiment 

FIG. 9 is a partial enlarged cross section showing a fifth 
embodiment of the stator in the rotating electric machine 
according to the invention. It is an enlarged cross section- 
of a corresponding portion taken along the line III-III of FIG. 
2. The stator of the fifth embodiment is denoted by a reference 
numeral 50E, and is used as the stator 5 0 of FIG. 1. 
[0054] 

With the stator 50E of the fifth embodiment, a gap Gl 
is formed between the outer-peripheral side wall 5 6b of each 
holding groove 56 and the electrical insulation member 57 
inserted into the holding grooves 56 as in the third embodiment. 
In addition, the outer-peripheral side wall 56b of the holding 
groove 56 is formed to tilt in the depth direction of the slot 
53, so that a width W2 of the groove side walls 56b and 56c 
in the opening of the holding groove 5 6 is made larger than 
a width Wl of the groove side walls 56b and 56c at the groove 
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bottom wall 56a. The other configurations are the same as those 

in the first* embodiment. 

[0055] 

When the electrical insulation member 57 is inserted into 
the holding grooves 56, part of the insulation coating 55 may 
be chipped at the opening of the holding grooves 56, in 
particular, at the edge of the outer-peripheral groove side 
wall 56b, and there is a risk that the chip enters into the 
internal space 5 8 within the slot 53 and damages the insulation 
coating of the in-slot winding portion 61. However, in the 
fifth embodiment, in addition to the configuration of the third 
embodiment, because the outer-peripheral groove side wall 56b 
is tilted in the depth direction of the slot 53 , the edge portion 
between the outer-peripheral groove side wall 56b and the inner 
peripheral surface of the insulation coating 55 produce an 
obtuse angle. This improves the fall-off of a chip of the 
insulation coating 55 at the edge portion. It is thus possible 
to prevent damages on the in-slot winding portion 61 caused 
by the fall-off of a chip of the insulation coating 55 at the 
edge portion. 

The in-slot winding portion 61 is shown only within the 
slot 53 on the right in FIG. 9, too. It should be appreciated, 
however, that it is also disposed in any other slot 53 in the 
same manner. 
[0056] 



29 



Sixth Embodiment 

FIG . 10 is a partial enlarged cross section showing a 
sixth embodiment of the stator in the rotating electric machine 
according to the invention. It is an enlarged cross section 
of a corresponding portion taken along the line III-III of FIG. 
2 . The stator of the sixth embodiment is denoted by a reference 
numeral 5 OF, and is used as the stator 50 of FIG. 1. 
[0057] 

With the stator 5 OF of the sixth embodiment, the 
insulation coating 55 covers the slot bottom wall 53a of each 
slot 53 entirely, and it also covers the pair of slot side walls 
53b and 53c entirely in each slot 53. To be more specific, 
the insulation coating 55 extends to the crossing portion of 
the pair of slot side walls 53b and 53c and the inner peripheral 
surfaces 51a to cover the pair of slot side walls 53b and 53c 
entirely as well as the hanging portions 54 . The holding 
grooves 56 are formed by cutting out the insulation coating 
55 covering the hanging portion 54 in the same manner as in 
the first embodiment. The other configurations are the same 
as those in the first embodiment. 
[0058] 

According to the sixth embodiment, not only is it 
possible to achieve the same effects as those of the first 
embodiment, but it is also possible to increase an AC output 
by increasing the number of windings of the stator winding 60, 
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because the depth Dl of the internal space 5 8 in the radius 
direction can be made larger than the depth D in the first 
embodiment by forming the holding grooves 56 in the insulation 
coating 55 covering the hanging portions 54. 
[0059] 

In all the first through sixth embodiments above, the 
electrical insulation member 57 is of a plate shape; however, 
the electrical insulation member 57 of any other shape, such 
as a dovetail shape, can be used as well. 

Industrial Applicability 

[0060}: ^ 

The stator in the armature of the invention can be applied 
to an AC generator that is incorporated, for example, into a 
vehicle to charge the battery and to feed other loads. 

Brief Description of the Drawings 
[0061] 

[FIG. 1] FIG. 1 is a sectional side elevation showing 
a rotating electric machine to which a stator according to the 
invention is applied. 

[FIG. 2] FIG. 2 is a sectional side elevation showing 
a first embodiment of the stator in the rotating electric 
machine according to the invention. 

[FIG. 3] FIG. 3 is a partial enlarged cross section of 
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a portion taken along the line III-III of the stator of the 
first embodiment. 

[FIG. 4] FIG. 4 is a partial enlarged cross section for 
the stator of the first embodiment showing a state where an 
insulation coating is formed on a slot peripheral wall. 

[FIG. 5] FIG. 5 is a partial enlarged cross section 
further enlarged to show a portion of holding grooves of the 
stator of the first embodiment. 

[FIG. 6] FIG. 6 is a cross section showing a second 
embodiment of the stator in the rotating electric machine 
according to the invention. 

[FIG. 7] FIG. 7 is a partial enlarged cross section 
showing a part of a third embodiment of the stator in the 
rotating electric machine according to the invention. 

[FIG. 8] FIG. 8 is a partial enlarged cross section 
showing a part of a fourth embodiment of the stator in the 
rotating electric machine according to the invention. 

[FIG. 9] FIG. 9 is a partial enlarged cross section 
showing a part of a fifth embodiment of the stator in the 
rotating electric machine according to the invention. 

[FIG. 10] FIG. 10 is a partial enlarged cross section 
showing a part of a sixth embodiment of the stator in the 
rotating electric machine according to the invention. 

[FIG. 11] FIG. 11 is a partial enlarged cross section 
showing a state where an insulation coating is formed on a slot 
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peripheral wall in the sixth embodiment. 

Description of Reference Numerals and Signs 
[0062] 

50, 50A, 50B, 50C, 50D, 50E, 50F: stator 
51: stator core 

51a: inner peripheral surface, 51b: outer peripheral surface, 
51c and 51d; end face, 52: teeth 

53: slot, 53a: slot bottom wall, 53b and 53c: slot side wall 
53d: slot opening, SW: slot peripheral wall, 54: hanging 
portion, 55: insulation coating 

56: holding groove, 56a: groove bottom wall, 56 b and 56c: groove 
side wall, CW: groove wall 

57: electrical insulation member, 58: internal space, 60: 
stator winding 

61: in-slot winding portion, 62: coil end portion, 63: winding 
member 

Gl and G2 : gap 
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